abgesaugt und wiederholte Male aus einem Gemisch Benzol-Chloroform (2:1) unter Zusatz von A-Kohle um kristallisiert wurde. Ausbeute: 2,5 g (69% d. Theo r ie ) . Schmp. corr. 233, 0 °C. C14H9N 0 4 (255, 22) Ber. N 5, 49, Gef. N 5, 32; 5, 33. 1 .4-Dihydroxy-anthrachinon-2-carbonsäure-methylester E r wurde durch Veresterung der 1.4-Dihydroxyanthrachinon-2-carbonsäure dargestellt. Rote N adeln; Schmp. 1 8 2 -184 °C.
3 -F ormyl-5-methyl-salicylsäure-methylester 9 g 3-Formyl-5-methyl-salicylsäure wurden in 300 ml 99-proz. Äthanol gelöst und unter starkem Rühren mit 9,3 g Silbernitrat in 25 ml Wasser versetzt. Nach zehn minütigem Rühren wurde das weiße Silbersalz abge saugt, mit Äthylalkohol und schließlich mit Äther ge waschen und im Vakuum getrocknet. Electrical discharge between an electrode connected to a Tesla coil and the surface of an aqueous suspension of a mixture of pyrrole and benzaldehyde produces porphine-like substances. Among others the compound a,/?,y,<5-tetraphenylporphine (TPP) has been identified by: 1. Separa tion of the compound by the thin layer chromatographic technique using silica gel and two percent xylene in benzene as adsorbent and developing mixture respectively. 2. Visible spectra of the base and of the zinc-chelate of the compound compared with the spectra of the reference TPP. Storage of the irradiated mixture either in benzene or as aqueous suspension increases the total yield. This increase is a function of time of storage. The results obtained in this set of experiments are similar to previously reported results in which Co-60 gamma, ultraviolet, and visible radiations were used as sources of energy. These results imply that the formation of porphine-like substances is abiogenically possible under primitive earth conditions. The appearance of the first living cell on the earth was preceded by chemical evolution i.e., evolution on the molecular level. It has been agreed by scien tists that the early Earth's atmosphere, under constant action of ultraviolet, visible and nuclear radiations and electrical discharges, was constantly changing due to the formation of more complicated m olecules 1~4. This atmosphere, reductive in its character, is believed to have consisted of methane, ammonia, water and hydrogen. At some time it started to change into an oxidative one, due to the appearance of m olecular oxygen which was being form ed by photolysis and radiolysis of water vapor. Through the action of ultraviolet radiation and electrical discharges on the molecular oxygen ozone was formed, which shielded the Earth's surface from the short ultraviolet radiation. At the same time, the photolysis and radiolysis of water produced large quantities of hydrogen peroxide, which in contact w ith organic com pounds w ould destroy them . T h e re fore, an evolutionary pressure was exerted on the system to :
1. utilize visible rad iatio n instead of ultraviolet for fu rth e r chemical reactions and 2. destroy the accum ulated h ydrogen peroxide. It has been show n by C a l v in 5 th a t p orphines, or better porphines w ith a protein m oiety, know n as catalase, are very effective catalysts fo r the d estru c tion of hydrogen peroxide into H 20 and 0 2 . A t the same tim e, porphines, being highly colored su b stances, are capable of absorbing visible light and utilizing this energy fo r certain chemical reactions. It is know n th at w ith the aid of p o rp h y rin s and especially th eir m etal chelates, chem ical tra n sfo rm a tions such as hydrogen tran sfe r o r oxidations can occur.
T hus the abiogenic form ation of porp h in es and porphine-like substances is, fo r exobiologists, of u t m ost im portance.
It has been show n in our previous pap ers 6 th at porphine-like substances, specifically a ,ß ,y ,d -te trap henylporphine, can be form ed abiogenically. These papers also present the effects of Co-60 gam m arad iatio n and ultraviolet and visible rad ia tio n s on the rate of form ation of T P P . a,/?,y,(5-tetraphenylp o rp h ine has been selected as a m odel fo r p o rp h in e type of stru ctu re because it is easy to isolate and identify. T his pap er presents an o th er observation having direct bearin g on the fo rm atio n of the o r ganic m ilieu, nam ely the synthesis of p o rp h in es from sim ple p recursors and the effect of electrical discharges in reductive and oxidative atm ospheres on the yields of porphines. sphere, the vessel was connected to an apparatus which allowed methane, ammonia and hydrogen to come in contact with the mixture during irradiation. The partial pressures of the gases in the vessel before irradiation were 8.7 cm of hydrogen, 8.4 cm of ammonia and 8.7 cm of methane with the remaining pressure due to water and organic vapors. When using an oxidative atmosphere, a water condenser was connected to the side-arm of the vessel. Ordinary air entered the vessel through the condenser. A tesla-coil (Electro Technic Products, Chicago, Illinois) was used to produce the electrical discharge. Samples were irradiated for two and four hour periods in semi-darkness. After each run, the tem perature and ph of the mix ture were recorded. The tem perature of the mix ture varied from 40 -60 °C, while the ph varied be tween 4 and 6. The products of the reaction were then poured into a separatory funnel to which were added 25 milliliters of water and the benzene washings from the reaction vessel. After separation from the aqueouslayer was complete, the benzene-layer was placed into a beaker charged with 10 grams of anhydrous sodium sulfate to remove traces of water. The solution was filtered through a paper filter into a 50 m illiliter volu metric flask. The separation of tetraphenylporphine was accomplished by a modified procedure developed in our laboratory 8. W ith the use of a syringe, 25 micro liter quantities of the product were spotted on thinlayer chromatographic plates having a 200 micron thick layer of dehydrated silica-gel. The plates were placed for two hours into a tank containing 200 m illiliters of a solution of 2% xylene in benzene.
E xperim ental
After the plates were taken out of the tank and dried the porphine bands were scraped into long-stem funnels blocked with cotton plugs. The porphine was eluted with benzene and the volume of porphine solu tion made up to 3 milliliters for all samples.
The porphine which was isolated was identified as tetraphenylporphine by visible spectra of the free base and its zinc complexes. The spectrum of a,ß,y,ö-tetra phenylporphine was recorded on a Bausch & Lomb Spectronic 505, and the total yield per 50 m illiliter sample was calculated from molar-extinction coefficient of 4,78 x 105 at 418 millimicrons.
Results and Discussion
The results obtained are sum m arized in F ig. 1. In this F ig u re the total yields in m g p er sam ple were plotted versus the tim e of storage in days. 8 R. W. B a l e k and A. S z u t k a , J. Chromatogr. [Amsterdam] 17, 127 [1965] , the presence of m olecular oxygen, i.e. w ithout the use of electrical discharges. The increase in the yield of T P P w ith tim e indicates th at a process of au to catalysis takes place. T his process, postulated by C a l v i n 5, now can be supported by experim ental evidence. The changing value of the slope can be ex plained by considering the environm ental conditions of the experim ent. It can be argued that in the initial stages of the reaction, the rate of form ation by autocatalysis is slow, as represented by the sm all slope. T he sam ple in benzene was stored in contact w ith a ir containing m olecular oxygen. A s the solu tion becam e sa tu rated w ith air, due to daily m ixing, the slope increased. T his in tu rn w ould indicate th at m olecular oxygen is necessary fo r the reaction to occur. A d l e r , L ongo and S h e r g a l is 9 in their study also cam e to the conclusion th at oxygen participates in the reaction leading to the form ation of porphines. S im ilar results were obtained from runs in an oxidative atm osphere, as com pared w ith runs which occurred spontaneously. It can be seen th at the slope of the curve, which represents the rate of form ation of T P P upon standing has a constant value, because the solutions w ere equilibrated w ith air, and th ere fore the m olecular oxygen is available for the syn thesis.
The results of com parison of runs exposed two and four h ours tow ard electrical discharges indicate that there is no increase in the yield of T P P upon stan d in g as observed in prev io u s cases. In this case, it is suggested th at the synthesis of T P P proceeds th ro u g h the fo rm atio n of a labile interm ediate which can be easily destroyed by reaction p ro d u cts of the electrical discharge. A p p aren tly the fo u r h o u r ex posure of the sam ple to electrical discharge destroys m ost of the in term ed iate such as a,y?,/,6-tetraphenylchlorin, b u t this req u ires confirm ation.
T herefore, we can speculate about the sequence of events lead in g to the fo rm atio n of p o rp h y rin s and chlorophylls as fo llo w s: D ue to the evolutionary pressure, as outlined above, the porphines appeared in the o rg an ic m ilieu by spontaneous processes. In ord er to survive the h igh flux of energy reaching the surface of the ea rth fro m so lar rad ia tio n or electri cal discharges they h ad to be tran sfo rm ed into m ore stable com pounds, p erh ap s m etal chelates, or b u ried in the depths of oceans. T hus, their function as ca ta lysts fo r the destru ctio n of hydrogen peroxide and as catalysts fo r the m ore com plicated photochem ical evolutionary processes w ould be preserved. P o r phines destroyed by the actio n of energies w ere re plenished by autocatalysis, which operated on the system, th u s p reserv in g the concentration needed for fu rth e r chem ical evolution.
It m ust be pointed out th a t we do n ot suggest th at the a,/?,y,<5-tetraphenylporphine, was th e c o m p o u n d involved in the d estru ctio n of hydrogen p e r oxide and in the problem of energy supply fo r m ore com plicated o rg an ic synthesis d u rin g chemical evo lution. W e m erely reg a rd it as a model com pound.
The above results have show n that porphine-like substances can be form ed abiogenically in the p res ence of reductive and oxidative atm osphere w ith 2 and 4 h o u rs exposure to electrical discharges. The synthesis is believed to p roceed through the fo rm a tion of an interm ediate, w hich then autocatalytically, in the presence of m olecular oxygen, changes into the final p ro d u ct, i.e. tetrap h en y lp o rp h in e.
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